Two proteins were purified and preliminarily characterized from the soluble extract of cells (310 g, wet ([A.s.s3 nm" A570 nm]rcd/m280nm ox) of 2.9 and a molecular mass of around 15 kDa, and its spectroscopic characterization (NMR and EPR) has been carried out. This hemoprotein presents similarities with the tetraheme cytochrome c3 from Desulfomicrobium (Des.) norvegicurn (NMR spectra, and N-terminal amino acid sequence).
INTRODUCTION
Sulfate-reducing bacteria constitute a group of anaerobic prokaryotes sharing the capacity to carry out dissimilatory sulfate reduction to sulfide as a major component of their bioenergetics processes [1] [2] [3] , and contain a complex and diversified electron carrier system [4, 5] . D. aminophilus DSM 12254 is a mesophilic strain of sulfate-reducing bacterium isolated from an anaerobic sludge of a dairy wastewater treatment plant in Santa Fe de Bogota, Colombia [6] . This strain uses a wider range of energy substrates than reported for most Desulfovibrio species [1 ] . It presents, in particular, an important property of fermenting or oxidizing proteinaceous compounds, such as amino acids and peptides. This sulfate-reducing strain is also able to disproportionate sulfite and thiosulfate, suggesting that it plays a major role in regulating electron flow in the dissimilatory sulfur cycle [6] . We report here purification and preliminary characterization of two proteins involved in the respiratory system of D. aminophilus: one electron carrier, the tetraheme cytochrome c3, and one enzyme, the adenylylsulfate reductase.
EXPERIMENTAL
Bacterial strain and growth conditions D. aminophilus DSM 12254 was grown at 37C in a lactate/sulfate medium under anaerobic conditions in the Unit6 de Fermentation, Laboratoire de Chimie Bacterienne (LCB), Centre National de la Recherche Scientifique (CNRS), in Marseille, France, and cells were harvested as previously described [7] . Preparation 
RESULTS AND DISCUSSION

Adenylylsulfate (APS) reductase
Although the first reports on APS reductase were published in the sixties, its three-dimensional structure was published only recently [8] . Comparison of physicochemical and spectroscopical properties of APS reductases isolated from several Desulfovibrio species show great similarity and high degree of homology [9] . Only recently has APS reductase been isolated from Archaeoglobus fulgidus and found to be a heterodimer with one subunit (75 kDa, 1FAD) and one subunit (18 kDa, 2 [4Fe-4S]) [10] . APS reductase has been purified in three chromatographic steps from the soluble fraction of D. aminophilus and preliminarily characterized. The UV-visible spectrum of APS reductase in the native form shows a broad maximum around 392 nm with shoulders at 445 and 475 nm and a protein absorption peak at 278 nm (unpublished results). The overall visible spectrum indicates the presence of a flavin group and iron sulfur centers. APS reductase is a heterodimer with one subunit (75 kDa, containing FAD) and one subunit (18 kDa, containing 214Fe-4S] centers) (Fig. 1) .
EPR spectroscopic studies were carried out at different temperatures with the D. aminophilus APS reductase in the native state ( Fig. 2-A) in the presence of natural substrates (AMP and sulfite) (Fig. 2B ) and in th.e reduced form ( Fig. 2C and 2D ). Temperature dependence studies helped separate resonances originating in different species. In the native state ( Fig. 2A) , two clusters of APS reductase are in the [4Fe-4S] 2/ oxidized state, with four iron-atoms as Fea'5+, giving total spin of S 0. Nevertheless, the EPR spectrum shows a signal spread around g 2.00. The spectral shape and g value of the signal indicate that the broad resonance accounts for only 0.1-0.25 spins/mol, which can be attributed to the residual [3Fe-4S] cluster [9] . This signal is in D. aminbphilus, superimposed with the FAD radical (g 2.0048). As seen in Fig. 2 former resonance can be detected up to -30K and the latter up to 45K. The short reduction of the protein with Na2S204 (at 15 sec, pH 9.5) (Fig. 2C) , as well as the addition of the substrates AMP and Na2SO3 (Fig. 2 [9] . APS reductase in sulfate-reducing bacteria is an enzyme highly conserved in terms of its composition at the active site as well as its physiological properties.
Tetrahemic cytochrome c3
A tetrahemic cytochrome (,'3 (His-heme iron-His) has been purified in three chromatographic steps from the D. aminophilus soluble extract. It has a purity index ([A553 nm-A570 nm]rc,/Aes0 ox) equal to 2.90.
Denaturing SDS-PAGE corroborated the purity of this protein (Fig. 3) . The UV-visible spectrum of the oxidized tetrahemic cytochrome c3 exhibits a broad absorption band around 531 nm (beta band), a Soret peak (gamma band) with a maximum at 410 nm, another broad band at 350 nm (delta band), and a protein peak at 280 nm (Fig. 4) (Fig. 4) . Figure 5 shows the EPR spectrum of the D. aminophilus ferritetraheme cytochrome c3 recorded at 10K. The spectrum shows a prominent feature at g 2.920 in the g max region and a derivative peak is observed at g 2.276 (probably g med). Figure 6 shows the NMR spectrum of the D. aminophilus ferritetraheme cytochrome ca recorded at 313K. This NMR spectrum is very close to the one reported for Des. norvegicum tetraheme cytochrome c3 [12] hemes have histidine-histidine ligation, and as shown by EPR and NMR spectroscopies, they are localized in non-equivalent protein environments, where each heme has a different redox potential value ranging from-50 to -400 mV [4, 5, 14] . EPR spectra of tetraheme cytochromes c3 show features of four different low-spin Fe(III) hemes with bis-histidinyl co-ordination [15, 16] . To date, the three-dimensional structures of seven 
